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IMAGE PROCESSING APPARATUS, IMAGE
PROCESSING METHOD, AND COMPUTER
PROGRAM PRODUCT

CROSS-REFERENCE TO RELAT
APPLICATIONS

s
w

The present application claims priority to and incorporates
by reference the entire contents of Japanese Patent Applica-

tion No. 2011-136771 filed 1n Japan on Jun. 20, 2011.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to an 1mage processing apparatus, an
image processing method, and a computer program.

2. Description of the Related Art

Conventionally, printers interpret and analyze page
description language (PDL) received from a network and
carry out drawing to a main memory using cyan-magenta-
yellow-black (CMYK) data generated based on the result of
the analysis. In recent years, there 1s a growing demand for an
increase 1n resolution and the speed of processing. To meet
such a demand, a technology 1n which a part of the process
that has been performed by a central processing unit (CPU) 1s
carried out by other hardware 1s known. For example, Japa-
nese Patent No. 4490783 discloses a printer having a built-in
hardware circuit (a drawing device) that executes a drawing,
process on a controller board connected to a printer engine.

Here, a drawing device that performs drawing in units of
band having a predetermined area 1s assumed to execute
drawing on a band 2 indicated in FI1G. 14. The drawing device
reads out drawing commands stored 1n a main memory and
executes a drawing process 1n accordance with the drawing
commands read out. FIG. 15 1s a diagram illustrating an
example of the drawing commands. In this example, the
drawing device first reads out a band mitialization command
and specifies the band 2 on which the drawing 1s performed.
The drawing device then reads out a halitone pattern (1) set
command and reads out a halftone pattern (an 1mage after a
halitone process 1s performed) for a band 1 from the main
memory. The drawing device then reads out a rectangle (1)
drawing command giving 1nstructions to draw a rectangle (1)
indicated in FIG. 14. However, because the rectangle (1) does
not belong to the band 2, the drawing process 1s not per-
formed.

The drawing device then reads out a haliftone pattern (2) set
command and reads out the halftone pattern for the band 2
from the main memory. Subsequently, the drawing device
reads out a rectangle (2) drawing command giving nstruc-
tions to draw a rectangle (2) indicated 1n FI1G. 14 and executes
a drawing process of the rectangle (2). The drawing device
then reads out a halftone pattern (3) set command and reads
out the halftone pattern for a band 3 from the main memory.
Then, the drawing device reads out a rectangle (3) drawing
command for giving instructions to draw a rectangle (3) 1n
FIG. 14. However, because the rectangle (3) does not belong
to the band 2, the drawing process 1s not performed. The
drawing device reads out a band end command thereafter and
finishes the drawing process for the band 2.

In the above-described example, the drawing device reads
out the halftone pattern each time the halftone pattern set
command 1s read out, which makes it difficult to increase the
speed of processing until drawing 1s completed.
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2

There 1s a need to provide an 1image processing apparatus,
an 1mage processing method, and a computer program prod-

uct that can achieve an increase 1n the speed of processing
until drawing 1s completed.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to at least partially
solve the problems 1n the conventional technology.

An 1mage processing apparatus draws an 1image 1n units of
band having a predetermined area. The 1mage processing
apparatus includes: a first storage unit that stores therein a
halftone pattern indicative of an 1mage after a halftone pro-
cess 1s performed; an analyzer that analyzes drawing com-
mands, the drawing commands including a first command
speciiying a drawing band that 1s the band on which drawing
1s performed, a second command giving an instruction to read
the halftone pattern, and a third command giving an nstruc-
tion to execute drawing, so as to specily the drawing band and
to determine whether an 1mage to be drawn belongs to the
drawing band; and a drawing processor that, when an 1mage,
drawing of which is instructed by the second command, 1s
determined as not belonging to the drawing band, does not
read the halftone pattern and does not draw that image; and
that, when an 1mage, drawing of which is instructed by the
second command, 1s first determined as belonging to the
drawing band, reads the halitone pattern specified by the first
command from the first storage unit to draw that image using
the halftone pattern read and does not read the halftone pat-
tern 1n subsequent drawing to the drawing band.

An 1mage processing method of drawing an 1image 1n units
of band having a predetermined area, includes: a step of
analyzing drawing commands, the drawing commands
including a first command specilying a drawing band that 1s
the band on which drawing 1s performed, a second command
gving an instruction to read a halitone pattern, and a third
command giving an instruction to execute drawing, so as to
specily the drawing band and to determine whether an 1mage
to be drawn belongs to the drawing band; and a step of
drawing process in which, when an 1image, drawing of which
1s mstructed by the second command, 1s determined as not
belonging to the drawing band, the halftone pattern 1s not read
and that image 1s not drawn; and, when an 1mage, drawing of
which 1s instructed by the second command, 1s first deter-
mined as belonging to the drawing band, the halitone pattern
specified by the first command 1s read from a first storage unit
to draw that image using the halftone pattern read and the
halftone pattern 1s not read in subsequent drawing to the
drawing band.

A computer program product includes a non-transitory
computer-usable medium having computer-readable pro-
gram codes embodied in the medium. The program codes
when executed causing a computer to execute an 1mage pro-
cessing method of drawing an 1mage 1n units of band having
a predetermined area. The 1mage processing method
includes: a step of analyzing drawing commands, the drawing
commands including a first command specitying a drawing
band that 1s the band on which drawing 1s performed, a second
command giving an mstruction to read a halitone pattern, and
a third command giving an instruction to execute drawing, so
as to specily the drawing band and to determine whether an
image to be drawn belongs to the drawing band; and a step of
drawing process 1n which, when an 1image, drawing of which
1s mstructed by the second command, 1s determined as not
belonging to the drawing band, the halftone pattern 1s not read
and that image 1s not drawn; and, when an 1image, drawing of
which 1s instructed by the second command, 1s first deter-
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mined as belonging to the drawing band, the halftone pattern
specified by the first command 1s read from a first storage unit
to draw that 1mage using the halftone pattern read and the
halftone pattern 1s not read in subsequent drawing to the
drawing band.

The above and other objects, features, advantages and tech-
nical and industnial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the mvention,
when considered 1n connection with the accompanying draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram illustrating an example of a configura-
tion of a mechanism of an 1image forming apparatus according,
to an embodiment;

FIG. 2 1s a block diagram illustrating an example of a
configuration of an electrical controller in the image forming
apparatus;

FI1G. 3 1s a flowchart illustrating 1n outline an example of
processes performed 1n the 1mage forming apparatus;

FIG. 4 1s a diagram 1illustrating examples of a format of a
band memory area and a drawing;

FIG. 5 1s a diagram illustrating an example of drawing
commands;

FIGS. 6A to 6E are diagrams each 1llustrating a format
example of a command i1ncluded 1n the drawing commands;

FIG. 7 1s a block diagram illustrating an example of a
configuration of a drawing device;

FIG. 8 1s a tlowchart illustrating an example of processing,
operation performed by the drawing device;

FI1G. 9 1s a flowchart 1llustrating an example of a band clip
determining process;

FI1G. 10 1s a flowchart illustrating an example of a drawing,
pProcess;

FIG. 11 1s a flowchart illustrating an example of a drawing,
parameter setting process;

FIG. 12 1s a block diagram illustrating an example of a
configuration of a drawing processor;

FIG. 13 1s a block diagram illustrating an example of a
configuration of a horizontal line drawing unat;

FI1G. 14 1s a diagram for explaining an example of drawing
by a conventional configuration;

FI1G. 15 1s a diagram 1llustrating an example of the drawing,
commands; and

FIG. 16 1s a diagram for explaining an efiect by the
embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

With reference to the accompanying drawings, an 1image
processing apparatus according to an embodiment of the
invention will be described 1n detail hereinafter. FIG. 1 1llus-
trates a configuration example of a mechanism of an 1mage
forming apparatus (a color printer) to which an 1image pro-
cessing apparatus according to the mvention 1s applicable. In
the image forming apparatus 100, a photosensitive element 1
that1s an 1mage carrier 1in a belt form 1s rotatably supported by
rotating rollers 2 and 3, and 1s rotated 1n an arrow A direction
by the drive of each of the rotating rollers 2 and 3. On an outer
circumierence of the photosensitive element 1, a charging
device 4 that 1s a charging unit, a neutralization lamp L, and a
cleaning blade 15 A for the photosensitive element 1 are dis-
posed. At a position downstream of the charging device 4, a
laser writing unit 3 that 1s an optical writing umt 1s disposed.
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4

Above the laser writing unit 5, a multicolor developing unit
6 1n which a plurality of developing units are supported to be
switchable 1s disposed. The multicolor developing unit 6 1s
provided with a yellow developing unit, a magenta develop-
ing unit, and a cyan developing unit for the respective colors
of toner housed. Above the multicolor developing unit 6, a
black developing unit 7 housing black toner is provided.

One of the developing units moves to a position, at which
developing can be performed, 1n synchronization with timing
of development in corresponding color. The multicolor devel-
oping unit 6 has a function to select one of the developing
units by circumierential rotation of 120 degrees. When any of
these developing units operates, the black developing unit 7 1s
moved to a position away from the photosensitive element 1.
Such a movement 1s caused by rotation of a cam 45.

The laser writing unit 5 generates 1n sequence laser beams
corresponding to 1mage forming signals (writing 1mforma-
tion) of a plurality of colors from a laser light source not
depicted, and periodically deflects the laser beams using a
polygon mirror 5B rotated by a polygon motor SA to scan a
charged surface of the photosensitive element 1 through an 10
lens 5C, a mirror 5D, etc. so as to form an electrostatic latent
image on the surface.

The electrostatic latent image formed on the surface of the
photosensitive element 1 1s developed by the toner from the
corresponding developing unit, and a toner 1image 1s formed
and held thereon. An intermediate transter belt 10 1s disposed
adjacent to the photosensitive element 1 and 1s supported by
rotating rollers 11 and 12 to be rotatable 1n an arrow B direc-
tion. The toner 1mage on the photosensitive element 1 1s
transierred on a surface of the intermediate transier belt 10 by
a transier brush (a first transfer unit) 13 located on a back side
of the intermediate transfer belt 10.

The surface of the photosensitive element 1 1s cleaned by
the cleaning blade 15A for each of the colors, and a toner
image ol a given color 1s formed on the surface. Each time a
toner 1mage 1s formed, the toner 1mage on the photosensitive
clement 1 1s transterred to the same position on the surface of
the intermediate transter belt 10 for each rotation thereot, and
the toner 1images of the plurality of colors are held on the
intermediate transier belt 10 overlapping one another. There-
aiter, the toner i1mages are transferred onto a recording
medium such as a sheet of paper or plastic.

When transferring the toner images to a sheet, a sheet
housed 1n a feeding device (a paper cassette) 17 1s let out by
a paper feeding roller 18 and 1s conveyed by a conveying
roller 19. After being temporarily stopped with abutting a pair
of registration rollers 20, the sheet 1s conveyed again to a nip
between the intermediate transter belt 10 and a transfer roller
(a second transfer unit) 14 being timed to regulate transfer
positions of the toner images.

The toner images of the multiple colors on the intermediate
transier belt 10 are collectively transierred on the sheet by the
operation of the transfer roller 14, and the sheet 1s then con-
veyed to a fixing device 50. After the toner 1image 1s fixed by
the fixing device 50, the sheet 1s discharged to a discharging
stack unit 32 located above a body frame 9 by a pair of
discharging rollers 51.

On the intermediate transier belt 10, a cleaning device 16
for the intermediate transier belt 10 1s provided at a position
of the rotating roller 11, and a cleaming blade 16 A thereof 1s
coniigured to contact with and separate from the intermediate
transier belt 10 via a cleaning blade contacting and separating
arm 16C. The cleaning blade 16A 1s configured to separate
from the intermediate transfer belt 10 during a process of
receiving the toner images from the photosensitive element 1
and to contact with the intermediate transier belt 10 after the
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toner 1mages are transierred onto a sheet from the intermedi-
ate transfer belt 10 so as to scrape ofl residual toner thereon
alter the toner images are transierred to the sheet.

As described 1n the foregoing, there are cleaning blades for
the photosensitive element 1 and for the intermediate transier
belt 10. Waste toner scraped oif by these cleaning blades 1s
stored 1n a collection container 15. The collection container
15 1s appropnately replaced. An auger 16B provided 1nside
the cleaning device 16 for the mtermediate transier belt 10
conveys the waste toner scraped oil by the cleaning blade 16 A
and forwards it to the collection container 15 by a conveying
unit not depicted.

The photosensitive element 1, the charging device 4, the
intermediate transier belt 10, the cleaning device 16, and a
conveying guide 30 forming a sheet conveying path are inte-
grally incorporated into a process cartridge 31 in a unit form,
and the process cartridge 31 1s configured to be replaced when
it comes to the end of 1ts life. Other than replacing the process
cartridge 31, the multicolor developing unit 6, the black
developing unit 7, and others are also replaced when they
reach the end of their lives. To make it easy to replace the
foregoing units and to handle jammed paper, a front frame 8
that 1s a part of a main body 1s constructed to rotate about a
shaft 9A to be opened and closed.

In the left part of FIG. 1, a controller board 60 1s housed.
Above the controller board 60, a fan 58 1s provided to exhaust
air to prevent internal temperature from rising excessively. In
the right part of FIG. 1, another relatively small feeding
device 59 1s provided. While the intermediate transter belt 10
1s used as an intermediate transier body in the present
embodiment, an intermediate drum can also be used.

FIG. 2 1s a block diagram illustrating an example of a
hardware configuration of an electrical controller of the
image forming apparatus 100. In the electrical controller 1n
FIG. 2, the controller board 60 1s connected with a personal
computer (hereinafter, referred to as a PC) 200 via a network.
The printer controller board 60 includes a CPU 101, a CPU
I/F 102, a memory arbiter 103, a memory controller 104, a
drawing device 1035 constructed by a hardware circuit, an
engine controller 106, a communication controller 107, a
local I'F 108, a ROM 109, and a panel controller 110.

The CPU 101 controls the whole of the image forming
apparatus 100. The CPU 101 further analyzes page descrip-
tion language (PDL) transmitted from the PC 200 to conduct
a process such as generation of drawing commands and infor-
mation necessary for image processing. While the PDL 1s
exemplified here as an example of image drawing instruction
data that 1s described 1n a given language and gives instruc-
tions to draw an 1mage, 1t 1s not restricted to this. The CPU I/F
102 1s an interface of the CPU 101 and 1s connected with a
main memory 112, other controllers, etc. via the memory
arbiter 103. The main memory 112 stores therein such as
PDL, various types of data obtained by analyzing the PDL,
halftone-processed image data (halftone patterns) that 1s data
of 1images included 1n the PDL (1mage data obtained by ana-
lyzing the PDL) on which a given halitone process 1s per-
formed, and computer a program executed by the CPU 101.

The memory arbiter 103 carries out arbitration between the
memory controller 104 and the various controllers. The
memory controller 104 controls the main memory 112 and 1s
connected with the various controllers and the CPU 101 via
the memory arbiter 103.

The drawing device 105 reads and analyzes the drawing
commands generated by the CPU 101, and executes a draw-
ing process in units of band in accordance with the analyzed
commands. The drawing device 105 then writes the drawn
band 1mage into a band memory area of the main memory
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112. The engine controller 106 controls a printer engine 114.
The printer engine 114 forms an image on a medium under the
control of the engine controller 106. The PC 200 creates PDL
for an 1mage to be output by the printer engine 114 and
outputs the PDL to the image forming apparatus 100 via the
network.

The communication controller 107 1s connected to the
network and receives data, commands, and others sent from
the PC 200 and the like connected via the network. The
communication controller 107 further outputs the recerved
data and the like to the controllers connected via the memory
arbiter 103 and sends data input from the controllers to the PC
200 and the like.

The ROM 109 stores therein a computer program executed
by the CPU 101, font information for characters, and others.
The ROM 109 1s connected with the memory arbiter 103 via
the local I’F 108. The panel controller 110 controls a panel
113 for operation. The panel controller 110 1s connected with
the memory arbiter 103 via the local I'F 108. The panel 113
displays status of the image forming apparatus 100, and fur-
ther recerves operation input to the image forming apparatus
100 from a user.

FIG. 3 15 a flow diagram 1illustrating 1n outline an example
of a process performed in the image forming apparatus 100.
At PDL storing Step S1, PDL received from the PC 200 1s
stored 1n the main memory 112. At the following drawing
command generating Step S2, the CPU 101 reads out and
analyzes the PDL stored in the main memory 112 and gener-
ates drawing commands. The CPU 101 further executes a
halftone process on an 1image obtained by analyzing the PDL
and writes the halftone-processed 1image data (halitone pat-
terns) to a given area (a halitone pattern storage area) of the
main memory 112. At the following drawing command stor-
ing Step S3, the CPU 101 writes the generated drawing com-
mands to a given area of the main memory 112. At the fol-
lowing drawing processing Step S4, the drawing device 105
reads out the drawing commands stored in the main memory
112 and executes drawing of 1mages 1 units of band 1n
accordance with the drawing commands read out. The CPU
101 writes the drawn band 1images to the main memory, and
the band 1mages for one page are stored in the main memory
112 (at the following page storing Step S5). The printer
engine 114 then reads out the 1mage data for one page drawn
by the drawing device 105 from the main memory 112 and
prints to output.

FI1G. 4 1llustrates an example of a format of and drawing to
the band memory area that 1s an area of the main memory 112
in which band images are stored. A drawing word width 1s a
width of a word, 1n umts of which the drawing device 103
accesses the band memory. As a drawing example, 1llustrated
here 1s an example 1n which a horizontal line 1s drawn from a
horizontal line X start point to a horizontal line X end point
with respect to a horizontal line Y.

FIG. 5 1s a diagram illustrating an example of drawing
commands when the drawing 1n FIG. 14 1s carried out, and
FIGS. 6A to 6E are diagrams each illustrating a format
example of a command included 1n the drawing commands.
In the example 1n FI1G. 5, the drawing commands are read out
in order of a band 1mitialization command, a halftone pattern
(1) set command, a rectangle (1) drawing command, a hali-
tone pattern (2) set command, a rectangle (2) drawing com-
mand, a halftone pattern (3) set command, a rectangle (3)
drawing command, and a band end command.

The band nitialization command 1s a leading command of
the drawing commands and 1s a command to specily a draw-
ing band that 1s a band where drawing i1s performed. As

illustrated 1n FIG. 6 A, a head address of a drawing band, aY
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coordinate of a start point at the upper leit of the drawing
band, a height of the drawing band, and a width of the drawing
band are set 1n the band 1nitialization command. The halftone
pattern set command 1s a command to specily a halitone
pattern corresponding to each band. In the example 1n FIG. 5,
a command speciiying a halftone pattern corresponding to a
band x 1s represented as a halftone pattern (x) set command.
As illustrated in FIG. 6B, sizes of dither in the X direction and
in the Y direction, and a halftone head address to specity a
storage position of the halftone pattern 1n the main memory
112 are set in the halftone pattern set command. The band end
command 1s a trailing command of the drawing commands
and 1s a command indicative of the end of drawing. In the
example 1n FIG. 6E, the band end command 1s composed of
an end command header 1n 32 baits.

The rectangle drawing command 1s a command giving,
istructions to draw a rectangle, and a command header and
coordinates of each vertex of the rectangle are set in the
rectangle drawing command as 1llustrated 1in FIG. 6C. While
not illustrated in FIG. 5, a triangle drawing command giving,
instructions to draw a triangle can be included 1n the drawing
commands. As illustrated in FIG. 6D, a command header and
coordinates of each vertex of the triangle are setin the triangle
drawing command.

The drawing commands in the foregoing can be classified
into a drawing parameter setting command to set various
parameters to perform drawing, a drawing execution com-
mand to execute drawing, and a terminating command. The
band 1nmitialization command and the halftone pattern set
command are classified as the drawing parameter setting
command, the rectangle drawing command and the triangle
drawing command are classified as the drawing execution
command, and the band end command 1s classified as the
terminating command.

FIG. 7 1s a block diagram illustrating a configuration
example of the drawing device 105. The drawing device 1035
includes a memory arbiter I'F 121, a command analyzer 122,
a drawing processor 123, and a controller 124. The memory
arbiter I/F 121 1s an interface unit to connect the command
analyzer 122 and the drawing processor 123 with the memory
arbiter 103.

The command analyzer 122 reads out the drawing com-
mands stored in the main memory 112 and analyzes the
drawing commands read out. When the command read out 1s
the drawing parameter setting command, the command ana-
lyzer 122 transiers various parameters specified by the com-
mand to the drawing processor 123, and then reads out a
subsequent command from the main memory 112. Mean-
while, when the command read out 1s a drawing execution
command, the command analyzer 122 transfers various
parameters specified by the command to the drawing proces-
sor 123, and then transfers a drawing startup signal to the
drawing processor 123. Thereafter, when the command ana-
lyzer 122 receives a drawing end signal from the drawing
processor 123, the command analyzer 122 reads out a subse-
quent drawing command from the main memory 112. When
the command analyzer 122 reads out the band 1nitialization
command that 1s a leading command of the drawing com-
mands, the command analyzer 122 transfers band parameters
specified by the band mitialization command (for example, a
band head address, a band start point Y coordinate, a band
height, a band width, etc.) to the drawing processor 123, and
then reads out a subsequent command from the main memory
112.

When the drawing processor 123 receives the various
parameters (drawing parameters to perform drawing) from
the command analyzer 122, and then receives the drawing
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startup signal from the command analyzer 122, the drawing
processor 123 executes a drawing process. When the drawing
processor 123 finishes the drawing process, the drawing pro-
cessor 123 transfers the end signal indicative of completion of
the drawing process to the command analyzer 122. The
detailed configuration of the drawing processor 123 will be
described later. The controller 124 1s a unit that controls the
whole of the drawing device 103.

FIG. 8 15 a flowchart illustrating an example of processing,
operation by the drawing device 1035. As illustrated in FIG. 8,
the command analyzer 122 first reads out a drawing command
stored 1n the main memory 112 (Step S1). The command
analyzer 122 then analyzes the command read out and deter-
mines whether the command read out 1s a drawing execution
command (Step S2). When determining that the command
read out 1s a drawing execution command (the result at Step
S2 1s Yes), the command analyzer 122 executes a band clip
determining process that determines whether an 1image to be
drawn belongs to a band specified by the band 1nitialization
command (a drawing band) (Step S3).

FIG. 9 1s a flowchart 1llustrating an example of the band
clip determiming process. Here, 1t 1s assumed that a rectangle
drawing command 1s read out as the drawing execution com-
mand. As 1illustrated 1n FIG. 9, the command analyzer 122
first determines whether a value of the Y coordinate at the
lower right of a rectangle instructed to be drawn 1s smaller
than a value of the band start point Y coordinate specified by
the band mitialization command (Step S21). When determin-
ing that the value of the Y coordinate at the lower right of the
rectangle instructed to be drawn 1s larger than the value of the
band start point Y coordinate specified by the band initializa-
tion command (the result at Step S21 1s No), the command
analyzer 122 determines whether a value of the Y coordinate
at the upper left of the rectangle nstructed to be drawn 1s
larger than a sum of the value of the band start point Y
coordinate and the band height (Step S22). When determining
that the value of the Y coordinate at the upper leit of the
rectangle mstructed to be drawn 1s smaller than the sum of the
band start point Y coordinate value and the band height (the
result at Step S22 1s No), the command analyzer 122 deter-
mines that the rectangle instructed to be drawn (the 1image to
be drawn) belongs to the drawing band (Step S23). On the
other hand, when determining that the value of the' Y coordi-
nate at the lower right of the rectangle mstructed to be drawn
1s smaller than the value of the band start point Y coordinate
specified by the band mitialization command (the result at
Step S21 1s Yes), or when determining that the value of the'Y
coordinate at the upper left of the rectangle nstructed to be
drawn 1s larger than the sum of the band start point Y coordi-
nate value and the band height (the result at Step S22 15 Yes),
the command analyzer 122 determines that the image to be
drawn does not belong to the drawing band (Step S24).

The explanation 1s continued by referring back to FIG. 8.
As a result of the above-described band clip determining
process, when 1t 1s determined that the image to be drawn
belongs to the drawing band (the result at Step S4 15 Yes), the
process 1s shifted to Step S5. At Step S5, the command ana-
lyzer 122 determines whether a halftone pattern DMA flag 1s
set to on. When determiming that the halftone pattern DMA
flag 1s set to on (the result at Step SS 15 Yes), the command
analyzer 122 transiers a halftone pattern DMA start signal to
the drawing processor 123. Upon receiving the halitone pat-
tern DMA start signal, the drawing processor 123 executes a
halftone pattern DMA process (Step S6). More specifically,
the drawing processor 123 reads out a halftone pattern speci-
fied by a halftone pattern head address set by a halftone
pattern set command from the main memory 112. When the
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halitone pattern DMA process 1s finished, the drawing pro-
cessor 123 transiers a halftone pattern DMA end signal
indicative of completion of the halftone pattern DMA process
to the command analyzer 122. Upon receiving the halftone
pattern DMA end signal, the command analyzer 122 sets the
halftone pattern DMA flag to off (Step S7). The process 1s
then shifted to Step S8, and a drawing process 1s performed.
Meanwhile, when 1t 1s determined that the halftone pattern
DMA flag 1s set to off at the above-described Step S5 (the
result at Step S5 1s No), the process 1s shifted to Step S8 and
a drawing process 1s performed.

FI1G. 10 1s a flowchart illustrating an example of the draw-
ing process. As illustrated 1n FIG. 10, the command analyzer
122 first transfers the drawing parameters specified by the
command read out to the drawing processor 123 (Step S30).
The command analyzer 122 then transfers the drawing startup
signal to the drawing processor 123 (Step S31). The drawing
processor 123 starts drawing upon recerving the drawing
startup signal, and when the drawing 1s finished (the result at
Step S32 15 Yes), the drawing process 1s finished.

The explanation 1s continued by referring back to FIG. 8
again. At the above-described Step S2, when determining that
the command read out 1s not a drawing execution command
(the result at Step S2 1s No), the command analyzer 122
determines whether the command read out 1s a drawing
parameter set command (Step S9). When determining that the
command read out 1s a drawing parameter set command (the
result at Step S9 1s Yes), the command analyzer 122 executes
a drawing parameter setting process (Step S10).

FI1G. 11 1s a flowchart illustrating an example of the draw-
ing parameter setting process. As illustrated 1n FIG. 11, the
command analyzer 122 first determines whether the com-
mand read out 1s the band 1mitialization command (Step S41).
When determining that the command read out 1s a band 1ni1-
tialization command (the result at Step S41 1s Yes), the com-
mand analyzer 122 transiers the parameters specified by the
band 1mmitialization command (band parameters) to the draw-
ing processor 123 (Step S42). More specifically, the com-
mand analyzer 122 writes the band parameters to a band
parameter storage unit 1n the drawing processor 123.

In contrast, when determining that the command read out1s
not the band mitialization command (the result at Step S41 1s
No), the command analyzer 122 determines whether the com-
mand read out 1s the halftone pattern set command (Step S43).
When determining that the command read out 1s the halftone
pattern set command (the result at Step S43 1s Yes), the com-
mand analyzer 122 sets the halftone pattern DMA flag to on
(Step S44). The command analyzer 122 then transfers the
parameters specified by the halitone pattern set command to
the drawing processor 123 (Step S45). More specifically, the
command analyzer 122 writes a dither size (sizes in the X
direction and theY direction) specified by the halftone pattern
set command to a drawing parameter storage unit in the
drawing processor 123. The command analyzer 122 further
obtains a DMA word size and transfers a DMA start address
to a DMA address generator 1n the drawing processor 123.

The explanation 1s continued by referring back to FIG. 8
again. At the above-described Step S9, when determining that
the command read out 1s not the drawing parameter set com-
mand (the result at Step S9 1s No), the command analyzer 122
determines whether the command read out 1s the terminating
command (the band end command) (Step S11). When the
command analyzer 122 determines that the command read
out 1s the terminating command (the result at Step S11 1s Yes),
the process 1s finished.

FIG. 12 1s a block diagram illustrating a configuration
example of the drawing processor 123. As illustrated 1in FIG.

10

15

20

25

30

35

40

45

50

55

60

65

10

12, the drawing processor 123 includes a DMA address gen-
erator 131, a DMA read-in unit 132, the band parameter
storage unit 133, the drawing parameter storage unit 134, a
horizontal line conversion unit 135, and a horizontal line
drawing unit 136.

The DMA address generator 131 receives the halftone
pattern DMA start signal, number of DMA words, and the
DMA start address from the command analyzer 122, gener-
ates a DMA address, and transfers the DMA address to the
DMA read-in unit 132. Upon receiving the DMA address
from the DMA address generator 131, the DMA read-1n unit
132 accesses the main memory 112 via the memory arbiter I/F
121 1n FI1G. 7 to read out a halftone pattern stored 1n an area of
the main memory 112 specified by the DMA address and
transiers the halftone pattern to the horizontal line drawing
unit 136. The band parameter storage unit 133 stores therein
the band parameters transferred from the command analyzer
122. The drawing parameter storage unit 134 stores therein
the drawing parameters transierred from the command ana-
lyzer 122. The horizontal line conversion unit 135 reads out
the drawing parameters stored 1n the drawing parameter stor-
age unmt 134 and converts the drawing parameters read out
into horizontal line data. The horizontal line data include a
horizontal line Y value, a horizontal line X start point value,
and a horizontal line X end point value. The horizontal line
drawing unit 136 performs drawing to the band memory area
in the main memory 112 via the memory arbiter I'F 121 1n
FIG. 7 based on the horizontal line data from the horizontal
line conversion unit 135.

FIG. 13 1s a block diagram illustrating a configuration
example of the horizontal line drawing umit 136. As 1llustrated
in FIG. 13, the horizontal line drawing unit 136 includes a
halftone pattern address generator 141, an X start point word
value generator 142, an X end point word value generator
143, a drawing word X value generator 144, a halitone pattern
shift value generator 145, a drawing mask generator 146, a
halftone pattern storage unit 147, a cyclic shiit unit 148, a
logic operation unit 149, a drawing address generator 150,
and a horizontal drawing controller 151.

The halftone pattern address generator 141 performs, with
the horizontal lineY value transterred from the horizontal line
conversion unit 135 and a width of the halftone pattern read
by the DMA read-in unit 132 1n the Y direction (Y width), a
modulo operation of the horizontal line Y value-MOD-the
halftone pattern Y width to obtain a'Y value 1n the halftone
pattern that 1s a remainder of the division, and transfers the Y
value to the haliftone pattern storage umt 147 as a halftone
pattern address.

The X start point word value generator 142 obtains a draw-
ing word X start point value 1n units of drawing word from the
horizontal line X start point value transferred from the hori-
zontal line conversion unit 135, and transfers the drawing
word X start point value to the drawing word X value genera-
tor 144. The X end point word value generator 143 obtains a
drawing word X end point value 1n units of drawing word
from the horizontal line X end point value transferred from
the horizontal line conversion unit 135, and transfers the
drawing word X end point value to the drawing word X value
generator 144. The drawing word X value generator 144
generates a drawing word X value from the X start point value
to the X end point value in units of drawing word, and trans-
ters the drawing word X value to the halitone pattern shait
value generator 145.

The halftone pattern shift value generator 145 performs,
with the drawing word X value transterred from the drawing
word X value generator 144 and a width of the halftone
pattern read by the DMA read-in unit 132 in the X direction
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(X width), a modulo operation of the drawing word X value-
MOD-the halftone pattern X width to obtain an X value in the
halftone pattern that 1s a remainder of the division, and trans-
ters the X value to the cyclic shift unit 148 as a halftone
pattern shift value. The drawing mask generator 146 gener- 53
ates a drawing mask from an X start point to an X end point for
cach drawing word from the horizontal line X start point value
and the horizontal line X end point value transferred from the
horizontal line conversion unit 135, and transfers the drawing,
mask to the logic operation umt 149. 10

The halftone pattern storage unit 147 1s a storage unit that
stores therein horizontal lines of drawing words of the hali-
tone pattern, number of the horizontal lines corresponding to
the Y width of the halftone pattern, and transfers halitone
pattern value accessed based on the halftone pattern address 15
from the halftone pattern address generator 141 to the cyclic
shift unit 148.

The cyclic shift unit 148 receives the halftone pattern value
from the halitone pattern storage unit 147, the halftone pat-
tern shift value from the halitone pattern shift value generator 20
145, and a halftone pattern remainder value from the drawing
parameter storage unit 134, cyclically shiits the halftone pat-
tern value, and transfers the cyclically-shifted halftone pat-
tern value to the logic operation unit 149. The logic operation
unit 149 1s composed of an AND circuit, performs a logical 25
product of the cyclically-shifted halitone pattern value from
the cyclic shift unit 148 and the drawing mask from the
drawing mask generator 146 to generate a drawing pattern
value, and transters the drawing pattern value generated to the
memory arbiter I'F 121. 30

The drawing address generator 150 generates a drawing
address that 1s an address, at which drawing to the band
memory of the main memory 112 1s performed, based on the
horizontal line Y value and the horizontal line X start point
value from the horizontal line conversion unit 135, and trans- 35
ters the drawing address to the memory arbiter I'F 121. The
horizontal drawing controller 151 controls the whole of the
horizontal line drawing unit 136.

As described 1n the foregoing, 1n the present embodiment,

a halftone pattern 1s read out only when an 1image to be drawn 40
belongs to a drawing band, while no halftone pattern 1s read
out when an 1image to be drawn does not belong to the drawing
band. As a consequence, the present embodiment has an
advantageous effect of achieving an increase 1n the speed of
processing until drawing 1s completed. 45

For example, a situation of drawing to the band 2 indicated
in FI1G. 14 will be explained. As illustrated 1n FIG. 16, 1n a
conventional configuration, because a halitone pattern s read
out each time a halitone pattern set command 1s read out, the
processing time until the drawing to the band 2 1s completed 50
becomes long, which makes 1t difficult to achieve an increase
in the speed of processing. In contrast, 1n the present embodi-
ment, when an 1image, drawing of which 1s instructed by the
drawing execution command, does not belong to the drawing
band, the halftone pattern DMA is not performed even when 55
the halftone pattern set command 1s received. The halitone
pattern DMA 1s performed only when an 1mage, drawing of
which 1s instructed by the drawing execution command, 1s
first determined as belonging to the drawing band, and the
halftone pattern DMA 1s not performed 1n subsequent draw- 60
ing to the drawing band. In the present embodiment, the
halftone pattern DMA flag 1s used, and the haliftone pattern
DMA flag 1s set to on when the halftone pattern set command
1s recerved and 1s set to ofl at the time the 1mage first deter-
mined as belonging to the drawing band 1s drawn. To conduct 65
a drawing process, 1 the halftone pattern DMA flag 1s on, the
drawing process 1s carried out after the halitone pattern DMA
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1s performed. If the halftone pattern DMA flag 1s off, the
drawing process 1s carried out without performing the hali-
tone pattern DMA. Consequently, in the present embodiment,
a useless halftone pattern DMA 1s not performed, whereby
the drawing process can be performed fast.

While the exemplary embodiment of the present invention
1s described in the foregoing, the invention 1s not restricted to
the above-described embodiment, and various modifications
can be made 1n the invention without departing from the spirit
and scope of the invention. Furthermore, the program that
realizes the above-described various processes executed by
the 1mage forming apparatus 100 1n the present embodiment
1s configured to be provided being embedded in a ROM or the
like 1 advance. However, the program can be provided 1n a
file of an 1nstallable format or an executable format recorded
on a computer readable recording medium such as a CD-
ROM, a flexible disk (FD), a CD-R, a digital versatile disk
(DVD), or various types of memory cards.

The program executed by the image forming apparatus in
the embodiment may be configured to be stored on a com-
puter connected to a network such as the Internet and to be
downloaded via the network.

While the invention 1s exemplified to be applied to a printer
in the above-described embodiment, 1t 1s merely an example
and the mvention 1s not restricted to this example. In other
words, the mvention can be applied to any image forming
apparatus such as a copying machine, a printer, a scanner, and
a facsimile machine.

The embodiment provides an advantageous effect that can
reduce time of processing required to complete drawing.

Although the invention has been described with respect to
specific embodiments for a complete and clear disclosure, the
appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled 1n the art that
tairly fall within the basic teaching herein set forth.

What 1s claimed 1s:

1. An 1mage processing apparatus that draws an 1mage in
units of band having an area, the 1mage processing apparatus
comprising:

a first storage unit that stores therein a halftone pattern
indicative of an 1mage after a halftone process 1s per-
formed;

a drawing processor configured to read a halftone pattern
from the first storage unit to draw a part of the image
using the haliftone pattern, 1 the drawing processor
receives an instruction to read the halftone pattern; and

an analyzer configured to,
determine, based on drawing commands, whether to

transmit the instruction to the drawing processor to
read the halftone pattern and execute drawing by,
first determining if the image belongs to the drawing,
band:; and
second determining 11 a flag indicates that the drawing
processor has not read the halftone pattern for the
drawing band,
instruct the drawing processor to read the halftone pat-
tern only 1f the first determining determines that the
image belongs to the drawing band and the second
determining determines that the flag indicates that the
drawing processor has not read the halitone pattern
for the drawing band, and
instruct the drawing processor to execute the drawing 1f
the first determining determines that the image
belongs to the drawing band such that the drawing
processor executes the drawing of the band without
reading the halftone pattern associated with the band
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11 the flag indicates that the drawing processor has
read the halftone pattern for the drawing band.

2. The 1image processing apparatus according to claim 1,
turther comprising:

a receiver that recerves image drawing instruction data,
which 1s described 1 a given language and gives an
instruction to draw the 1image, from a host device;

a drawing command generator that interprets the 1mage
drawing instruction data to generate the drawing com-
mands; and

a second storage unit that stores therein the drawing com-
mands, wherein
the analyzer reads out and analyzes the drawing com-

mands stored 1n the second storage unit.
3. An 1mage processing method of drawing an 1mage in
units of band having an area, the 1mage processing method
comprising;
reading, via a drawing processor, a halftone pattern from a
first storage unit to draw a part of the image using the
halftone pattern, 11 the drawing processor receives an
instruction to read the halftone pattern;
determining, via a analyzer, whether to transmit the
instruction to the drawing processor to read the halftone
pattern and execute drawing based on drawing com-
mands by,
first determining 1f the 1mage belongs to the drawing
band, and

second determining 1 a flag indicates that the drawing
processor has not read the haliftone pattern for the
drawing band,

instructing the drawing processor to read the halftone pat-
tern only 1 the first determining determines that the
image belongs to the drawing band and the second deter-
mining determines that the flag indicates that the draw-
ing processor has not read the halftone pattern for the
drawing band; and

instructing the drawing processor to execute the drawing 11
the first determining determines that the 1image belongs
to the drawing band such that the drawing processor
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executes the drawing of the band without reading the
halftone pattern associated with the band if the flag

indicates that the drawing processor has read the hali-
tone pattern for the drawing band.

4. A computer program product comprising:
a non-transitory computer-usable medium having com-

puter-readable program codes embodied in the medium,
wherein the program codes when executed causing a
computer to execute an 1mage processing method of
drawing an 1image in units of band having an area, the
image processing method including,

reading, via a drawing processor, a halitone pattern from a

first storage unit to draw a part of the image using the
halftone pattern, 11 the drawing processor receives an
instruction to read the halftone pattern;

determiming, via a analyzer, whether to transmit the

instruction to the drawing processor to read the halftone
pattern and execute drawing based on drawing com-
mands by,

first determining 1f the 1image belongs to the drawing

band, and

second determining 11 a flag indicates that the drawing,
processor has not read the halftone pattern for the

drawing band,

instructing the drawing processor to read the halftone pat-

tern only 1f the first determining determines that the
image belongs to the drawing band and the second deter-
mining determines that the flag indicates that the draw-
ing processor has not read the halftone pattern for the
drawing band; and

instructing the drawing processor to execute the drawing 1f

the first determining determines that the 1mage belongs
to the drawing band such that the drawing processor
executes the drawing of the band without reading the
halftone pattern associated with the band if the flag

indicates that the drawing processor has read the hali-
tone pattern for the drawing band.
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